abstract BACKGROUND: Preterm birth is associated with features of the metabolic syndrome in later life. We performed a systematic review and meta-analysis of studies reporting markers of the metabolic syndrome in adults born preterm.
RESULTS:
Twenty-seven studies, comprising a combined total of 17 030 preterm and 295 261 term-born adults, were included. In adults, preterm birth was associated with significantly higher SBP (mean difference, 4.2 mm Hg; 95% confidence interval [CI], 2.8 to 5.7; P , .001), DBP (mean difference, 2.6 mm Hg; 95% CI, 1.2 to 4.0; P , .001), 24-hour ambulatory SBP (mean difference, 3.1 mm Hg; 95% CI, 0.3 to 6.0; P = .03), and low-density lipoprotein (mean difference, 0.14 mmol/L; 95% CI, 0.05 to 0.21; P = .01). The preterm-term differences for women was greater than the preterm-term difference in men by 2.9 mm Hg for SBP (95% CI [1.1 to 4.6], P = .004) and 1.6 mm Hg for DBP (95% CI [0.3 to 2.9], P = .02).
CONCLUSIONS:
For the majority of outcome measures associated with the metabolic syndrome, we found no difference between preterm and term-born adults. Increased plasma low-density lipoprotein in young adults born preterm may represent a greater risk for atherosclerosis and cardiovascular disease in later life. Preterm birth is associated with higher blood pressure in adult life, with women appearing to be at greater risk than men. Pediatrics 2013;131:e1240-e1263
Metabolic and cardiovascular diseases impose a substantial burden on population health. In addition to a suboptimal adult lifestyle, experiences in early life are believed to contribute to the development of these conditions. 1 Preterm infants, born at ,37 weeks of gestation age (GA), are part of the lowbirth-weight spectrum, and their early neonatal period, corresponding to the third trimester of pregnancy, differs from conditions in utero. Approximately 6% to 12% of births in the developed world are preterm, with the absolute number rising globally. In the United Kingdom, ∼70 000 babies are born at ,37-week GA annually, and .99% survive, resulting in a growing adult preterm population. 2 A number of studies have identified pretermbirthasa riskfactorforfeatures of the metabolic syndrome in later life, including higher blood pressure [3] [4] [5] [6] and insulin resistance. 7, 8 However, additional data indicate no negative impact of preterm birth on atherosclerosis, 9 systolic blood pressure (SBP), 10 or insulin sensitivity. 11 Here, we conduct a systematic review and meta-analysis to address the association between preterm birth and key features of the metabolic syndrome in adult life, including BMI, waist-hip ratio (WHR), percentage fat mass (percent FM), blood pressure, cardiovascular indices, and fasting glucose, insulin, and plasma lipids. We aimed to investigate the effect sizes, examine potential sources of heterogeneity in published data, and identify genderspecific effects.
METHODS
A systematic review of studies comparing adults ($18 years of age) born preterm (,37-week GA) and at term (37-to 42-week GA) was undertaken in accordance with Preferred Reporting Items for Systematic Reviews and MetaAnalyses guidelines. 12 Two searches were conducted separately in PubMed (www.ncbi.nlm.nih.gov) for studies published before October 1, 2011, in any language, and limited to human studies.
Search A: Blood Pressure and Cardiovascular Indices
The following medical subject heading key words were used: ((Premature Birth) OR (Low Birth weight) OR (Infant, Premature)) AND ((Hypertension) OR (Blood Pressure) OR (Diagnostic Techniques, Cardiovascular)) AND ((Adult) OR (Adolescence)).
Search B: Additional Markers of the Metabolic Syndrome
The following medical subject heading key words were used: ((Premature Birth) OR (Low Birth weight) OR (Infant, Premature)) AND ((Body Weights and Measures) OR (Obesity) OR (Adipose Tissue) OR (Dyslipidemia) OR (Insulin Resistance) OR (Blood Chemical Analysis)) AND ((Adult) OR (Adolescence)).
Forward citations were traced, and where multiple reports of the same cohort existed, the study reporting the largest sample number was used, provided all studies received identical quality assessment scores. Authors were contacted where additional data were required. Data on study design, location, population, outcome, adjustment variables, method of outcome measurement, potential sources of bias (including recruitment selection, exclusion criteria, and blinding of assessors to GA when evaluating adult outcomes), and the mean and SD for preterm and term groups were extracted for the following parameters: (1) BMI; (2) WHR; (3) percent FM; (4) SBP (mm Hg); (5) diastolic blood pressure (DBP; mm Hg); (6) 24-hour ambulatory SBP (aSBP; mm Hg); (7) 24-hour ambulatory DBP (aDBP; mm Hg); (8) flowmediated dilation (FMD) of the brachial artery (%); (9) intima-media thickness (IMT) of the carotid artery (mm); (10) pulse wave velocity (PWV; m/s); (11) fasting glucose (mmol/L); (12) fasting insulin (mU/L); (13) fasting cholesterol (mmol/L); (14) fasting high-density lipoprotein (HDL; mmol/L); (15) fasting low-density lipoprotein (LDL; mmol/L); and (16) fasting triglycerides (mmol/L). Data were extracted by author J.R.C.P. and independently verified by authors M.J.H. and C.G. For inclusion, outcomes were required to be presented unadjusted and performed at the same age using the same technique for preterm and term groups.
Primary Analysis
A meta-analysis of studies was performed for each outcome examining differences between preterm and term groups in Revman (Version 5.1; The Cochrane Collaboration, 2011) using the inverse variance method. 14 SE measurements were converted to SD for inclusion in the meta-analysis. Where studies presented analyses of subgroups of adults born preterm, pooled means and SDs were calculated for the whole population. A number of studies compared very-low-birthweight or extremely-low-birth-weight and normal-birth-weight subjects; these data were included if GA was provided as the mean and SD, and the mean GA 62 SD did not lie outside ,37-week GA for preterm and 37-to 42-week GA for term subjects. Data on small for GA and intrauterine growthrestricted infants were pooled with that of appropriate for GA infants to obtain the outcome in the overall termborn population, provided that recruitment of small for GA or intrauterine growth-restricted infants were not oversampled (eg, through specific recruitment), because this would result in overrepresentation of low-birth-weight babies in term-born populations. units using established conversion rates. 13 Variables were examined for skewness by checking whether the mean was smaller than twice the SD. 14 For skewed outcomes, we performed a meta-analysis of log-transformed data. Where the log values were not provided, we converted published summary measures (arithmetic and geometric mean) to approximate log values. 15, 16 The pooled mean difference and 95% confidence interval of log values were transformed back and represent the percentage difference between term and preterm groups.
Gender-Specific Analysis
BMI, WHR, percent FM, SBP, and blood pressure outcomes were analyzed separately for men and women. In pooled analysis, estimates of effect may be biased and heterogeneity may be increased if studies that provide data exclusively for one gender are included. Therefore, we excluded gender-specific studies from our pooled analyses for BMI, WHR, percent FM, and blood pressure measurements.
Study Heterogeneity
Heterogeneity was assessed using the x 2 test for Cochrane' s Q statistic and by calculating I 2 , the estimated proportion of variance in the study outcome caused by heterogeneity. 17 Random effect models were used throughout because the assumption of a common effect across studies (as required by fixed effect models) was not reasonable as a result of the observational nature of the studies. Random effects models can give greater weight to small studies, so if heterogeneity was low (P . .05 from the x 2 test and I 2 , 50%), a fixed effects model was carried out to check the sensitivity of conclusions. Because heterogeneity tests have low power when study numbers are small, 18 a fixed effects meta-analysis was not carried out for analyses with ,5 studies. Results are shown as pooled mean difference (95% CI) between preterm and term groups unless otherwise stated and are illustrated using forest plots. Funnel plots and Egger' s test 19 were used to investigate publication bias. Because Egger' s test has low power, a cutoff of 0.1 was used for statistical significance. 19 If the test was significant, a trim and fill analysis was performed to estimate the pooled effect in the absence of publication bias. 20 Potential sources of study heterogeneity caused by differences in population characteristics were examined by using meta-regression carried out in Stata 11 (Statacorp, Houston, TX). Factors included as continuous covariates were mean GA of the preterm group and age at which outcomes were measured. Meta-regression was used to test whether the term-preterm differences varied with gender by treating each gender-specific result as 1 study. Robust variance estimation with hierarchical weights was used to allow for dependencies between gender-specific results from the same study. 21 
Subgroup Analysis
The recruitment method was investigated by comparing studies in which adults were specifically recruited on the basis of GA, low birth weight, and studies of population-based cohorts. In addition, we implemented a modified version of the Newcastle-Ottawa scale 22 to assess the methodological quality of each study included in the meta-analysis (Supplemental Fig 5) . Authors J.R.C.P. and M.J.H. independently assessed the quality of each study. All differences were resolved by discussion. Sensitivity analysis of pooled BMI, SBP, and DBP data were performed for all studies that received a $5-star rating.
RESULTS
Studies identified by the 2 separate searches are depicted in Fig 1. Search A identified 2142 publications; 14 additional papers were identified after bibliographic review of retrieved papers [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] ; 109 papers were reviewed in full text; and 85 studies were excluded for the following reasons: studies with participants ,18 years of age (n = 10); multiple reports on the same cohort (n = 9); studies with no GA or outcome data (n = 27); no preterm versus term analysis (n = 34); review articles (n = 5). Twelve studies contained raw data suitable for inclusion. Attempts were made to contact the authors of 12 publications for additional data, 11, 24, 28, [32] [33] [34] [35] [37] [38] [39] [40] [41] and 8 replies were received. 24, 28, 32, 35, [38] [39] [40] [41] Search B identified 4824 publications; 4 additional papers were identified after bibliographic review of retrieved papers. 23, 24, 35, 36 After screening of abstracts to assess eligibility, 212 papers were reviewed in full text; and 181 studies were excluded for the following reasons: studies with participants ,18 years of age (n = 12); studies that did not compare a preterm with a term-born group (n = 49); multiple reports on the same cohort (n = 26); studies with no gestational age information provided (n = 53); population studies in which data were not analyzed based on GA or birth weight (n = 33); review articles (n = 3); no relevant outcome data provided (n = 5). Attempts were made to contact the authors of 15 publications for additional data, 11, 23, 24, 28, [32] [33] [34] [35] [37] [38] [39] [40] [42] [43] [44] and 8 replies were received. 24, 28, 32, 35, [38] [39] [40] 42 One author provided data from a single cohort, pooled from 3 publications 42, 45, 46 ; for the sake of clarity, these data are referred to as Leeson et al 2012.
Combining suitable studies from both searches resulted in a total of 29 studies suitable for systematic review (Table 1) . [3] [4] [5] [23] [24] [25] 28, [30] [31] [32] 35, 36, [38] [39] [40] [41] [42] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] Data from Oren et al 23 and Pilgaard et al 44 were presented adjusted for gender and age and therefore excluded from the meta-analysis. IMT data from Bassareo et al 28 were also excluded as values were 10-fold higher in magnitude than other reported results. Data on plasma lipids from Cooper et al 24 were obtained from nonfasted volunteers and not eligible for inclusion.
Overall, 27 studieswere suitable for inclusion inthemeta-analysis. [3] [4] [5] 24, 25, 28, [30] [31] [32] 35, 36, [38] [39] [40] [41] [42] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] Sixteen studies were longitudinal followup comparisons of either low-birthweight 3, 5, 31, 39, 41, [47] [48] [49] [50] [51] 55 or preterm 30, 38, 42, 45, 46 subjects and full-term cohorts matched for age and gender. Five studies reported retrospective analysis of low-birthweight 28, 52 or preterm 36, 53, 54 cohorts. There were 6 population cohort studies with GA data. 4, 24, 25, 32, 35, 40 
Primary Analyses
Overall, a total of 17 030 preterm and 295 261 term-born adults were eligible for inclusion in the meta-analysis. Combined, the mean GA at birth of adults born preterm was 32.1 weeks, and the mean age at outcome assessment was 19.6 years (18-45 years). The results of the meta-analyses for each primary outcome are shown in Table 2 . Numbers of studies and participants varied considerably for each outcome ( Table 2) . No significant differences between preterm and term-born adults were observed in BMI, WHR, or percent FM ( Table 2 ; Supplemental Fig 6) . Percentage FM was estimated by bioelectrical impedance, 30 dual-energy X-ray absorptiometry, 31, 47, 53, 54 and whole body MRI. 36 Only a single publication provided suitable data on pulse wave velocity (PWV), 42 so meta-analysis was not possible. In comparison with adults born at full term, adults born preterm demonstrated significantly higher SBP (mean difference, 4.2 mm Hg; 95% CI, 2.8 to 5.7; P , .001; Fig 2A) , DBP (mean difference, 2.6 mm Hg; 95% CI, 1.2 to 4.0; P , .001; Fig 2B) , and 24-hour aSBP (mean difference, 3.1 mm Hg; 95% CI, 0.3 to 6.0; P = .03); the difference in 24-hour aDBP did not reach statistical significance (Table 2) . No significant differences between term and preterm groups were identified in fasting insulin or glucose (Table 2; Supplemental Fig 6) . A significant increase in fasting LDL in preterm subjects was seen in both random effects (mean difference, 0.15 mmol/L; 95% CI, 0.01 to 0.30; P = .04; I 2 : 47%; P = .11) and fixed effects models (Table 2 ; Supplemental Fig 7) . There was a borderline significant increase in cholesterol (mean difference, 0.32 mmol/L; 95% CI, 20.01 to 0.65; P = .05; I 2 : 75%; P , .01) in adults born preterm (Table nbsp; 2). No differences were found in fasting HDL or triglycerides ( Table 2 ; Supplemental Fig 7) .
Gender-Specific Analysis
No differences between preterm and term groups were observed in BMI, WHR, or percent FM when analyzed separately in men or women (Table 3) . Gender-specific analysis revealed significantly higher SBP and DBP in men and women born preterm compared with those born at term (men: SBP, 2.0 mm Hg; 95% CI, 0.5 to 3.5; P = .007; Fig 3A; DBP, 1.3 mm Hg; 95% CI, 0.1 to 2.4; P = .03; Fig 3C; women: SBP, 4.9 mm Hg; 95% CI, 3.3 to 6.6; P , .001; I 2 : 44%, P = .05; Fig 3B; DBP, 2.9 mm Hg; 95% CI, 1.6-4.1; P , .00; I 2 : 44% P = .06; Fig 3D ; Table 3 ). Three papers included data on 24-hour aSBP and aDBP measurements in women 3, 49, 55 and 2 papers included these data in men. 3, 48 Here, metaanalysis revealed significantly higher 24-hour ambulatory bloos pressure in women born preterm (aSBP: 3.5 mm Hg; 95% CI, 1.4 to 5.6; P , .001; I 2 : 0%; P = .94; aDBP: 1.6 mm Hg; 95% CI, 0.04 to 3.1; P = .04; I 2 : 0%; P = .06) but not in men (aSBP: 2.9 mm Hg; 95% CI, 23.7 to 9.4; P = .39; I 2 : 85%; P , .01; aDBP: 20.04 mm Hg; 95% CI, 22.6 to 2.7; P = .97; I 2 : 48%; P = .17; Table 3 ; Supplemental  Fig 8) .
Meta-Regression
Meta-regression was performed to test whether the term-preterm differences varied with gender. For SBP, the preterm-term difference in women was greater than the preterm-term difference in men by 2.9 mm Hg (95% CI, 1.1 to 4.6; P = .004) and for DBP by 1.6 mm Hg (95% CI, 0.3 to 2.9; P = .02). Metaregression did not reveal a significant gender difference with regard to the preterm-term differences for BMI, WHR, pecent FM, or ambulatory blood pressure in the small number of studies available. Meta-regression revealed no significant relationship between termpreterm differences for any outcome with either mean GA or age at outcome.
Study Heterogeneity
In pooled analysis, funnel plots reveal asymmetry for both SBP (Fig 4A) and DBP (Fig 4D) , and Egger' s test showed this to be significant for both outcomes (SBP: P = .003; DBP: P = .03). The trim and fill analysis gave a reduced pooled effect for SBP (3.0 mm Hg; 95% CI, 1.4 to 4.5; P , .001) and a similar effect for DBP (2.5 mm Hg; 95% CI, 1.2 to 3.8; P , .001). In gender-specific analysis, there was some visual evidence of asymmetry, particularly for DBP (Fig 4) . Egger' s test only revealed significant funnel plot asymmetry in studies of SBP in women and DBP in men (SBP: men, P = .15; women, P = .002; DBP: men, P = .04; women, P = .11; Fig 4) . Trim and fill analysis gave a reduced difference in SBP in women (3.6 mm Hg; 95% CI, 1.8 to 5.4; P , .001) and no difference in DBP in men (P = .9). Because heterogeneity was low for the analysis of DBP in women, a fixed effects analysis was also performed, yielding similar results (Table 3). Funnel plots showed some visual evidence of asymmetry for BMI, percent FM, and glucose (Supplemental Figs 9 and 10). Egger' s test was only statistically significant for percent FM (pooled gender and subgroup analysis in men, P = .013 and P = .063, respectively). Additional fixed effects analyses carried out because of the absence of heterogeneity did not alter the conclusions in pooled (Table 2) or gender-specific analysis (Table 3) .
Subgroup Analyses
Subgroup analyses using the recruitment method for BMI, SBP, and DBP are shown in Supplemental Fig 11. With regard to BMI, meta-regression showed the estimated term-preterm difference to be larger in GA-based studies than in those recruiting by birth weight (1.42 kg/m 2 ; 95% CI, 0.36 to 2.48; P = .02). The difference in BMI between term and preterm adults was also larger in population-based studies than in those that recruited by birth weight (0.99 kg/m 2 ; 95% CI, 0.17 to 1.81; P = .01). No significant difference in BMI was observed between population-and GA-based studies (P = .29). The difference in blood pressure between studies in which adults were specifically recruited on the basis of GA 30, 36, 38, 42 was 4.4 mm Hg larger (95% CI, 0.3 to 8.4; P = .04) than population cohort studies 24, 25, 32, 35 for SBP and 5.0 mm Hg larger (95% CI, 2.0 to 8.0; P = .005) for DBP. Studies in which recruitment was specifically on the basis of birth weight 3, 5, 39, 48 showed a nonsignificant increase in SBP and DBP compared with studies in which recruitment was population based (SBP: 2.7 mm Hg; 95% CI, 21.4 to 6.8; P = .17; DBP: 2.1 mm Hg; 95% CI, 20.4 to 4.6; P = .09). Analysis of population-based studies 24, 25, 32, 35 revealed a significantly higher SBP (2.1 mm Hg; 95% CI, 0.9 to 3.2; P , .001) and DBP in adults born preterm (1.2 mm Hg; 95% CI, 20.03 to 2.4; P = .06; Supplemental Fig 8) , although the latter was not statistically significant.
Supplemental Fig 11 shows the assessment of study quality for the 27 studies included in the meta-analysis. Total scores ranged from 2 to 7 stars, with 8 studies receiving a rating of $5 stars. In comparison with the main analysis, studies that received a .5 stars measurement demonstrated a smaller, but still statistically significant, increase in SBP (2.8 mm Hg; 95% CI, 1.6 to 4.0; P , .001) but no difference in DBP (1.3 mm Hg; 95% CI, 20.3 to 2.9; P = .12; Supplemental Fig 12) . Genderspecific analysis of high-quality studies revealed significantly higher SBP in men (1.0 mm Hg; 95% CI, 0.8 to 1.2; P , .001) and women (3.9 mm Hg; 95% CI, 2.3 to 5.6; P , .001) born preterm compared with those born at term, whereas DBP was only significantly increased in women (2.5 mm Hg; 95% CI, 1.1 to 3.9; P , .001; Supplemental  Fig 12) .
BMI was the only other outcome variable with .5 studies with a $5* rating. 4, 24, 31, 32, 35, 40, 48, 50 Sensitivity analysis of these studies revealed no difference between term and preterm groups (0.03 kg/m 2 ; 95% CI, 20.33 to 0.39; P = .86; I 2 : 57%; P = .04), and no significant difference was observed between highquality studies compared with pooled analysis. Additional details for each paper are shown in Supplemental  Fig 13. 
DISCUSSION
In this systematic review and metaanalysis, we found no difference between adults born preterm and at term for the majority of outcomes associated with the metabolic syndrome. However, preterm birth is associated with significantly higher BP, including 24-hour aBP in adult life, aswell as an increase in plasma LDL. Hypertension is a major risk factor for heart disease, stroke, and renal failure. Lowering blood pressure by 2 mm Hg is reported to reduce hypertension by 17%, heart attacks by 6%, and stroke by 15%. 56 The clinically relevant and statistically significant difference in blood pressure and the apparently increased vulnerability of women born preterm is therefore of concern.
Adults born preterm remain shorter, lighter, and have a lower BMI compared with their term-born peers throughout infancy, childhood, and adolescence. 2, 57 This difference is attenuated during mid-childhood and adolescence, with women demonstrating faster catch-up in growth than men. 57, 58 Our analyses revealed no significant difference in BMI between preterm and term-born adults in either pooled or gender analysis. Heterogeneity was high in the main analysis, and although some of this was explained by differences in study quality and recruitment method, a small effect could be obscured by other differences between studies. The significant difference we observes between low-birth-weight--and GA-based recruitment would suggest that selection based on birth weight can lead to biased inferences regarding the effects of preterm birth. We would therefore recommend that all future studies recruit solely on the basis of GA.
Several publications indicate that the reduced weight observed in children and adolescents born preterm is associated with reduced FM rather than reduced fat-free mass. 59, 60 Here, we find no difference in percent FM between adults born preterm and at term. We observed low levels of study heterogeneity in pooled analyses despite combining percent FM data acquired using a variety of different techniques. Ultimately, the lack of differentiation provided by aggregate whole body measurements compared with direct evaluation of regional adipose tissue depots may not be suitable to assess differences in body composition between term and preterm groups or to identify genderspecific differences.
A recent smaller meta-analysis in which SBP data from a range of outcome ages were combined reported an increase in SBP in preterm individuals comparable to that identified here. 6 Overall, there is agreement with other systematic reviews indicating an increase of ∼3 to 4 mm Hg in SBP in preterm compared with term subjects. 61, 62 However, the relationship between early life events and adult blood pressure may be overestimated. Bias arising from selective publication of smaller studies reporting larger effects 63 and inappropriate statistical adjustment for confounders that lie along the causal pathway between birth weight and blood pressure are possible contributing factors. 64 These phenomena appear to be reflected in our analyses; the funnel plot asymmetry present in our primary analysis suggests evidence of publication bias, indicating that pooled results from the main analysis may be an overestimation of the true size of the association. Of note is that high-quality studies revealed a smaller but nonetheless statistically significant and clinically relevant increase in SBP in adults born preterm, with reduced and nonsignificant heterogeneity in contrast to the pooled analysis. The magnitude of these differences is more likely to signify the real long-term effects of preterm birth on blood pressure in adult life. It is also important to note that, given the possibility of a dose-response relationship between prematurity and blood pressure, as suggested by Johansson et al, 4 the exclusion of extremely preterm individuals may result in an underestimation of the association between preterm birth and outcomes.
Ambulatory monitoring is considered a more reliable approach to assessing blood pressure, because it is less affected by the anxiety response that accompanies one-off measurements. 65 Increased blood pressure reactivity to psychosocial stressors has been reported exclusively in preterm women. 66, 67 Our analysis of aSBP only revealed a significant effect in women; however, the number of studies was small, and a difference in men cannot be dismissed. Gender differences in biological outcomes are well recognized; several studies have shown an increased susceptibility to adverse outcomes in preterm men compared with preterm women, including aberrant adiposity 36 and neurodevelopment. 68 In contrast, a subgroup analysis of highquality studies performed here revealed that a smaller, but significant and clinically relevant, increase in DBP only occurs in women born preterm. Collectively, these data would suggest gender-specific trajectories after preterm birth.
Disturbance of endothelial function is considered key to the development of vascular disease. Conflicting data exist on arterial stiffness and endothelial dysfunction in children and adolescents born preterm, with some studies indicating a positive association, 9,69 and others finding no association. 10, 70 We found no significant difference between preterm and term adults in FMD or IMT, albeit there was a limited number of studies. Insufficient data were available to perform metaanalysis on PWV; neither the unadjusted analysis of Lazdam et al, 42 nor the adjusted data presented by Oren REVIEW ARTICLE et al 26 identified a significant difference in PWV between adult term and preterm groups.
Increased blood pressure after preterm birth may also derive from altered renal function, with data suggesting accelerated maturation and abnormal morphology in the preterm neonatal kidney. 71 The third trimester represents a crucial period for kidney development, with nephrogenesis completed by 36-week GA. However, the limited number of studies of renal function in children 72 and adults 55 born preterm find no consistent differences with full-term counterparts.
Insulin resistance is a key component of the metabolic syndrome, but data on the relationship with GA have been inconclusive to date. Several publications reveal no association, 73, 74 whereas other large cohort analyses demonstrate a clear link between GA and development of diabetes in childhood and later life. 75, 76 We identified no difference in fasting glucose or insulin between adults born preterm and at term. Meta-regression revealed no association between GA and fasting insulin or glucose. However, the power to detect such an association was small, with only aggregate data available. Future studies should provide data on glucose homeostasis using a recognized outcome measure such as Homeostatic model assessment of insulin resistance, 77 which is sensitive and combines both glucose and insulin measurements. Although we found some evidence of increased LDL in preterm subjects, an increase likely to be responsible for the trend toward increased total cholesterol, it should be noted that because of the number of statistical tests performed, these results may have arisen by chance. There was no indication of publication bias from the funnel plot analysis of these outcomes, although the small number of studies made detection difficult.
There are limitations to the conclusions that may be drawn from observational studies. However, the strengths of our systematic review and meta-analysis are the large number of studies and subjects and the inclusion of additional information provided by authors, including data from several large population-based cohorts. 24, 32, 35 Only a small number of studies were available for WHR, cardiovascular indices, and 24-hour aBP measurements, limiting power to detect an association between preterm birth and these parameters. The lack of individual patient data prevents ascertaining whether degree of prematurity is associated with a greater impact on outcomes such as adult blood pressure, as suggested in large studies. 4 In several studies, no adjustment was made for potential confounders; where this was done, adjustments were mainly on the basis of gender and age. The lack of uniformity in adjustment across different studies limited meaningful evaluation of the impact of potential confounders. Additionally, the justification for adjusting data for confounders that lie along the causal pathway between prematurity and adult outcomes is questionable 64 ; BMI, body weight, and gender differences have all been noted to be associated with preterm birth, and as such, it is perhaps not appropriate to adjust for these confounders. Exclusion criteria were not standardized across all studies, although in the majority of studies, individuals with serious chronic disease or neurologic impairment were not included. A focus on low birth weight as a risk factor for adult blood pressure has complicated efforts to define the role of prematurity, because this nomenclature fails to disentangle the overlap with intra-uterine growth restricted. Two studies have attempted to address this by comparing preterm appropriate for GA and preterm small for GA adults; neither reports significant differences in blood pressure between these preterm groups. 30, 41 Additional factors, including growth rate in infancy and socioeconomic status (SES), also contribute to the development of an adverse cardiovascular phenotype. 78, 79 Two studies in our meta-analysis in which subjects were matched for SES reported significant increases in blood pressure in adults born preterm. 5, 39 In 4 studies where adjustment was performed, SES did not explain the difference in outcomes. 4, 25, 38, 41 Taken together, these data suggest that at least part of the increase in adult blood pressure observed in adults born preterm is independent of SES.
We focused exclusively on adult outcomes to avoid combining measures of effect size with infancy, childhood, and adolescence. Although metaregression revealed no significant relationship between term-preterm differences for any outcome and age, few studies in our meta-analysis presented data on individuals .30 years. The average age at outcome varied across parameters (range, 21-39 years), and it would be unwise to suggest that the data presented here represent a clear adult phenotype for preterm individuals. Differences in metabolic markers in early adulthood are strongly associated with cardiovascular disease in later life, higher blood pressure in late adolescence is associated with early incidence of coronary heart disease and stroke, 80 and cholesterol level in young adulthood predicts all-cause mortality and longevity. 81 Evaluations of older populations are essential to determine if associations with preterm birth emerge or become more pronounced with aging. Ultimately, studies must be undertaken to elucidate the physiologic mechanisms and causal pathways that underpin divergence and identify newborn care practices that either exacerbate or attenuate risk.
